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Abstract  

The purpose of this research is to develop advanced conducting material blended with metal oxides that held both conducting 
and antimicrobial properties and due to this, applicable in many biomedical fields. The synthesis of nanoparticles of copper 
oxide (CuO) is performed by the chemical co-precipitation method and the synthesis of pure polyaniline (PANI) and PANI-CuO 
nanocomposites were performed by using in-situ chemical oxidative synthesis. The structural analysis was carried out by X-
ray diffraction (XRD) studies, Fourier transforms infrared spectroscopy (FTIR), and Ultraviolet-Visible (UV-Vis) absorption 
spectrometry. The peaks obtained in spectra validate the fabrication of desired materials. The average particle size of 
synthesized materials was calculated using the Debye Scherrer formula, which was found in the nanoscale range. The scanning 
electron microscope (SEM) images explored the morphology of CuO and PANI-CuO composite. The direct current (DC) 
conductivity measurement of samples was performed by the four-probe method for various temperatures. The values 
showed an increase of electrical conductivity in the composite as compared to PANI and supported the metallic nature of the 
composite. The antibacterial activity of composites was performed by disk diffusion method using Bacillus subtilis (Gram + ve 
bacteria) and Escherichia coli (Gram–ve bacteria) and the results are encouraging. 
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1. Introduction 

Intrinsically conducting polymers (ICPs) is an expanding field 

in material science due to the interesting electrical and optical 

properties of these polymers. A key requirement for a polymer 

to become intrinsically electrical conducting is that there 

should be an overlap of molecular orbitals to allow the 

formation of the delocalized molecular wave function. Besides 

this, for the free movement of electrons throughout the lattice, 

molecular orbitals must be partially filled.[1] Pure polyaniline 

(PANI) is presently a very recognizable polymer among the 

conducting polymer because of its unique properties and its 

applications, good environmental stability, ease to synthesis, 

and low cost.[2] PANI is a typical phenylene-based polymer 

having a chemically flexible–NH group in a polymer chain 

flanked on either side by a phenylene ring. It can also be 

defined as the simple 1, 4- coupling product of a monomeric 

aniline molecule.[3] PANI shows an electrically conducting 

nature on doping with acid in its emeraldine oxidation state. 

The conductivity of PANI increases reversibly with doping 

from the undoped insulating base form (σ ≥ 10-10 S/cm) to the 

fully doped, conducting salt form (σ ≤ 1 S/cm).[4] 

Over some flaws including chemical swelling, shrinkage, 

solubility, and weak mechanical properties, the various 

applications of PANI may decrease. Organic polymeric 

materials, whenever exposed to various environmental 

conditions get degraded. By controlling the morphology and 

chemical modification in polymeric materials, stability and 

life enhancement can be achieved.[5] Metal oxide dispersed 

polymer composites exhibit unexpected hybrid properties 

synergistically derived from both components.[6] CuO has a 

monoclinic structure and it is a semiconducting compound.[7] 

CuO behaves like a p-type semiconductor because of the small 

energy difference between the valence and conduction bands.[8] 

This semiconducting behavior of CuO makes CuO - PANI 

nanocomposites applicable in sensors,[9] catalysts, batteries, 

supercapacitors,[10] solar cells, and antibacterial[11] applications. 
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The CuO nanocomposites with PANI show much lower charge 

transfer resistance and better cyclic performance than 

nanoparticles of CuO.[12] The orthorhombic structure of PANI-

CuO nanocomposites shows metal-like properties.[13] So, it can 

also be applicable as shielding and absorbing materials in 

microwave frequencies.  

The development of materials that can minimize or prevent 

infectious microbial colonization is an urgent requirement to 

reduce diseases that affect public health and global 

economies.[14] The potential of copper oxide nanoparticles in 

the field of medicine has been explored as an antioxidant and 

antimicrobial agent.[15,16] Copper oxide nanoparticles are 

capable to kill a range of infection-causing bacterial pathogens. 

The CuO nanoparticles embedded in the PANI matrix also 

proved to have good antimicrobial activity.[17] 

In the present study CuO nanoparticles, PANI, and 

nanocomposites of PANI-CuO were synthesized using in-situ 

chemical oxidative polymerization. The structure and 

morphology of synthesized materials were characterized by X-

ray diffraction (XRD), Fourier Transform Infrared 

spectroscopy (FTIR), UV Visible absorption spectrometry, 

and scanning electron microscopy (SEM). Additionally, the 

conductivity of pure PANI, CuO nanocomposites, and PANI-

CuO nanoparticles was measured by the four-probe technique. 

The Kirby-Bauer disc diffusion test method was used to 

determine the antibacterial properties due to their ability to 

release ions rather than their unique size-dependent properties. 

 

2. Experimental 

2.1 Materials and methods 

2.1.1 Materials 

Copper (II) nitrate, ammonia, aniline, ammonium persulphate, 

hydrochloric acid, ethanol, and acetic acid were purchased 

from Merck. All chemicals were high-grade reagents and were 

used as received. 

 

2.1.2 Synthesis of CuO nanoparticles 

The synthesis of CuO nanoparticles was carried out by the 

chemical co-precipitation method. 0.2 M Copper (II) nitrate 

solution was prepared in double distilled water. Copper 

hydroxide gel was formed on dropwise addition of ammonia 

in that copper (II) nitrate solution which was continuously 

stirred for 8 hours at 85ºC. The black shiny CuO crystals thus 

obtained were washed with distilled water and ethanol then 

filtered and dried in the oven. 

 

2.1.3 Synthesis of pure PANI 

PANI was fabricated by using the method of oxidative 

polymerization of aniline. In this method, two types of 

solutions were prepared. (a) 0.2 M aniline solution in 100 ml 

1M HCl. (b) 0.2 M ammonium persulphate solution in 50 ml 

distilled water. The oxidant-based solution was added to the 

aniline-based solution dropwise with constant stirring on a 

magnetic stirrer at 0 ℃. The solution turned green from 

colorless. Now, the solution was further stirred for 6 hours 

using a magnetic stirrer at 5 ℃ temperature and placed in a 

refrigerator for 18 hours. The green precipitates were washed 

with distilled water to remove impurities and acetone to 

remove short-chain molecules of aniline which were soluble 

in acetone. The synthesized green material was dried in the 

oven at 80 ℃ and ground in fine powder using a mortar and 

pestle. 

 

2.1.4 Synthesis of PANI-CuO nanocomposites 

The nanocomposites of PANI and CuO nanoparticles were 

amalgamated by an in-situ chemical oxidative polymerization 

process using HCl as a dopant and ammonium persulphate as 

an oxidant. In this process, 0.2M aniline solution was prepared 

in 100 ml 1 M HCl. In this aniline monomer solution known 

weight of CuO nanoparticles was added and stirred the 

solution in an ice bath for half an hour. 50 ml 0.2 M 

ammonium persulphate solution was dropwise added to the 

above solution and stirred at low temperature. Now, the 

solution was further stirred for 6 hours using a magnetic stirrer 

at the same temperature. The product formed was washed with 

acetone and distilled water and dried in an oven at 80 ℃. 

 

2.2 Characterization 

The structural information of synthesized materials was 

recorded by using XRD studies, FTIR spectroscopy, and UV-

VIS spectroscopy. The morphological Studies were performed 

by SEM. Conductivity was measured by using four probe 

techniques and antibacterial activity was evaluated by the disk 

diffusion method. 

Powder X-ray diffraction (XRD) patterns were recorded on 

Bruker’s model D8 advance system using nickel-filtered Cu-

Kα radiation as the x-rays source (λ = 1.54178 Å). The 

measurement of the average particle size of synthesized 

materials was carried out by using the Debye-Scherrer formula. 

The FTIR spectra were recorded in the frequency range of 

400–4000  

cm-1 and the UV-Vis spectra were recorded in the wavelength 

range of 200 – 800 nm. The morphological studies of materials 

were characterized by JEOL Scanning Electron Microscope 

equipped with an energy-dispersive X-ray spectrometer 

(EDAX). The four-probe conductivity measurement technique 

was used to calculate the DC conductivity of synthesized 

compounds. The antibacterial activity of fabricated PANI-

CuO nanocomposite was detected by disk diffusion method 

with concentrations of 5 mg/ml and 10 mg/ml against Bacillus 

subtilis (Gram-positive bacteria) and Escherichia coli (Gram-

negative bacteria).  

 

3. Results and discussion 

3.1 X-ray diffraction (XRD) studies 

Figures 1 and 2 illustrate the XRD patterns of synthesized pure 

PANI, CuO nanoparticles, and polyaniline-CuO 

nanocomposites, respectively. Samples were step scanned in 

terms of 2θ in the range 20º to 80º angle. The pure PANI (Fig. 

3) shows a diffraction peak of 2θ = 17.09 which can be 
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attributed to the periodicity parallel and perpendicular to the 

polymer chain.[18] The peak at 2θ = 20.07º is evidence of the 

characteristic distance between the ring planes of benzene 

rings in adjacent chains or close contact interchains.[19] The 

peak centered at 2θ = 24.92º can be assigned to the scattering 

of PANI chains at an interplanar spacing which indicates that 

pure PANI has some degree of crystallinity.[20,21] But less 

intense peaks support the amorphous nature of PANI. 
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Fig. 1 X-ray diffraction pattern of CuO nanoparticles. 

 

Figure 1 exhibits the XRD pattern of nanoparticles of CuO 

in which the sharp peaks indicate the high crystalline nature of 

nanoparticles. Sharp peaks are observed at 2θ = 35.6º and 

38.7º small peaks at 2θ = 32.8º, 48.6º, 53.5º, 58.5º, 62.1º, 66º 

and 68º which are in good agreement with the reported values 

(JCPDS card number 89-5899). It also confirms the 

monoclinic structure of CuO nanoparticles. The broad peaks 

indicate the nano-size effect. 

 
Fig. 2 X-Ray Diffraction pattern of PANI-CuO nanocomposite. 

 

Figure 2 indicates the XRD pattern for PANI-CuO 

nanocomposites. The diffractogram of composite is showing 

peaks at 2θ = 26.09º, 31.8º, 32.9º, 35.7º, 40º, 50º and 53.5º. 

The peak observed at 2θ = 26.09º resembles pure PANI and at 

32.9º, 35.7º, 40º, 50º, and 53.5º to CuO. The significant shift 

in positions of 2θ values confirms the formation of composites 

with some interactions between the PANI chain and 

nanoparticles of CuO.  

 
Fig. 3 X-Ray Diffraction pattern of pure PANI. 

 

The average particle size of CuO, PANI, and composites of 

PANI-CuO was calculated by the Debye Scherrer formula 

given by the following equation. 

𝐷 =
0.9𝜆

𝛽 𝑐𝑜𝑠 𝜃                                     (1) 

where D is the average crystallite size of the powdered 

particles, λ = 1.54 Å is the wavelength of CuKα, β is full width 

at half maximum (FWHM) of the intensity of major peak, θ is 

the angular position of the peak (Bragg angle).[22] The 

crystallite size of the CuO nanoparticle and pure PANI is 

found to be equal to 50.13 nm and 62 nm, respectively. The 

average crystallite size of the nanocomposites of PANI/CuO is 

found to be 24.19 nm. The size of these particles confirms the 

formation of CuO dispersed in PANI nanocomposite and 

indicates the increase in the crystallinity of nanocomposites. 

 

3.2 Fourier transform infrared spectroscopy 

The FTIR spectra of CuO nanoparticles and PANI-CuO 

nanocomposites are exhibited in Figs. 4 and 5 respectively. 

In Fig. 4 two vibrational bands at 668.35 cm-1 and 

772.50cm-1 and one stretching band at 1339.59 cm-1 attribute 

characteristic bands of Cu(II)O nanoparticles. One other band 

at 1558.51cm-1 shows the Cu – O symmetrical stretching. 

Peaks obtained in the range of 500-700 cm-1 confirm the 

synthesis of copper oxide. 

The FTIR spectra of PANI-CuO nanocomposites (Fig. 5), 

exhibit some shifting in the wavenumbers and also show some 

remarkable changes in the intensity of peaks when compared 

with the FTIR of pure PANI.[23] This variation is due to the loss 

in conjugation and molecular order after the reformation of 

PANI with CuO. The bands at 1557.79 cm-1 and 1491.00 cm-1 

are assigned to C=N and C=C stretching modes of vibration 
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for the quinonoid and benzenoid units of PANI, respectively. 

The peak at 1295.22 cm-1 attributes to the C-H stretching mode 

of the benzenoid ring. The region of bands 477.39-844.84    

cm-1 confirms the presence of CuO in the nanocomposite. The 

shifting in characteristic peaks of CuO indicates some 

interaction between CuO nanoparticles and PANI. 

 
Fig. 4 FTIR spectrum of CuO nanoparticles. 

 
               Fig. 5 FTIR spectrum of PANI-CuO nanocomposites. 

 

3.3 UV-Vis spectrometry 

UV Visible absorption spectra of CuO nanoparticles and 

PANI-CuO nanocomposites were recorded at room 

temperature using NH4Cl and N, N-Dimethyl formamide as 

the solvents, respectively. Figs. 6 and 7 indicate the UV-

Visible spectra of CuO nanoparticles and PANI-CuO 

nanocomposite, respectively. The UV-Vis spectra of cupric 

oxide nanoparticles (Fig. 8) represent a strong absorption peak 

at the wavelength 218 nm which confirms the presence of CuO 

nanoparticles.[24]

 

Fig. 6 UV-Vis absorption spectrum of CuO nanoparticles. 

 
Fig. 7 UV-Vis absorption spectrum of PANi-CuO nanocomposites. 
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The UV-Vis Spectra of PANI-CuO nanocomposites in Fig. 

9 represents λmax at 266.50 nm which is due to the π–π* 

transition of the benzenoid ring. The peak observed at 539.50 

nm (in the range of around 520–655 nm) is due to the 

interaction between CuO and the quinonoid ring of PANI.[25] 

 
Fig. 8 SEM image of CuO nanoparticles. 

 

3.4 Scanning electron microscopy (SEM) with energy 

dispersive X-ray spectroscopy (EDAX) 

The surface morphology of CuO nanoparticles and PANI-CuO 

nanocomposite were exhibited in Figs. 8 and 9, respectively. 

The fine, granular, and spherical-shaped particles are visible 

in the SEM image (Fig. 8) of CuO nanoparticles.  Some 

aggregation is also observed due to the aggregation of particles 

during washing. The SEM image of the nanocomposite shown 

in Fig. 9 depicted the strong effect of the incorporation of CuO 

particles on the morphology of the PANI chain. It is observed 

that the crystallinity decreases in PANI-CuO nanocomposites 

as compared to CuO nanoparticles. This is due to the 

amorphous nature of PANI. Some smooth solid blocks are 

visible in the SEM image of PANI-CuO nanocomposites 

because of the presence of oxide particles, which increases the 

crystalline nature of synthesized materials. 

 
Fig. 9 SEM image of PANI – CuO nanocomposite. 

 
Fig. 10 Energy Dispersive X-ray Spectra of CuO nanoparticles. 

 

The EDAX spectrum shown in Fig. 10 confirms the 

formation of CuO nanoparticles without impurities. The 

spectrum reveals that the synthesized nanoparticles are pure 

and stoichiometric.  

 

3.5 Electrical Examination 

The electrical examination is a very important property to 

exploring applications of synthesized materials in electrical 

devices. The DC conductivity of synthesized materials was 

measured by using a four-probe conductivity measurement. 

The formula for calculating DC conductivity is σ=d/A(I/V), 

where σ= conductivity, d= thickness of the sample, A=area of 

the electrode, V=applied voltage, and I=measured current. 

The conductivity of pure PANI and PANI-CuO 

nanocomposites were found to be 1.6 × 104 S cm-1 and 3.1× 

104 S cm-1, respectively. The above values verified that the 

conductivity increases when the pure PANI is transformed into 

nanocomposites with CuO particles since the migration of 

charge carriers improved in the PANI-CuO nanocomposite.  

 
Fig. 11 Antimicrobial activity of PANI copper oxide 

nanocomposites against S. bacillus. 
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Table 1. Comparison in the zones of inhibition between synthesized PANI-CuO nanocomposites and different reported 

materials having a concentration of 10mg/ml against Bacillus subtilis and Escherichia coli. 

Bacteria Material Conductivity Inhibition zone (mm) References 

Bacillus subtilis 

(Gram+ve) 

PANI 1.6 × 104 S 8 [26] 

PANI-CuO Nanocomposites 3.1 × 104 S 13 Present work 

Escherichia coli 

(Gram-ve) 

CuO nanoparticles  14 [28] 

PANI  9 [26] 

PANI-CuO Nanocomposites  19 Present work 

3.6 Antimicrobial Activity 

The evaluation of antimicrobial activity for prepared  

nanocomposites were performed using a Kirby-Bauer disc 

diffusion test method. The discs of approximately 6 mm in 

diameter were fabricated and placed in a Petri dish. The Petri 

dishes were sterilized under suitable conditions in the 

autoclave and then the diameters of inhibition growth zones 

were assessed.[28] The bacteria were incubated for 24 h at 37 ℃ 

on nutrient agar. The synthesized material was placed over the 

nutrient agar plates in concentrations of 5 mg/ml and 10 mg/ml. 

Figs. 11 and 12 exhibit the antimicrobial activity of 

synthesized PANI-CuO nanocomposites against Bacillus 

subtilis and Escherichia coli. In the case of Bacillus subtilis, 

the zone of inhibition for 10 mg/ml and 5 mg/ml are 13 mm 

and 10 mm, respectively. For Escherichia coli, the zone of 

inhibition for 10 mg/ml and 5 mg/ml are 19 mm and 17 mm, 

respectively. The average zone of inhibition against 

pathogenic bacteria confirms the antibacterial property of 

synthesized conducting polymer. Table 1 reported the 

comparison in the antimicrobial activity between the 

previously reported materials and synthesized nanocomposite. 

 
Fig. 12 Antimicrobial activity of PANI copper oxide 

nanocomposites against E. coli. 

 

4. Conclusion 

The peaks obtained in the XRD investigation are in good 

agreement with the reported values. The average particle size 

of CuO, pure PANI, and PANI-CuO nanocomposite was found 

to be equal to 50.13 nm, 62 nm, and 24.19 nm, respectively. 

The characteristic peaks of FTIR and UV-Vis spectroscopy 

confirm the successful synthesis of materials. It is observed in 

the morphological studies (SEM) of CuO and PANI-CuO that 

because of the amorphous nature of PANI, the crystallinity is 

decreases in PANI-CuO nanocomposites as compared to CuO 

nanoparticles.  

From the four-probe conductivity measurements, it is clear 

that the conductivity increases when the pure PANI is 

converted into nanocomposites with CuO particles. We also 

conclude that the increase in conductivity of the material 

results positive effect in killing the microbes such as S. 

Bacillus and E. Coli.  
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